Mycobacterium ulcerans disease, or Buruli ulcer (BU), causes significant morbidity in West Africa. Clinically, the disease presents in the skin as either nonulcerative or ulcerative forms and often invades bones either subjacent to the skin lesion (contiguous osteomyelitis) or remote from the skin lesion (metastatic osteomyelitis). Osteomyelitis represents a severe form of the disease that often requires numerous surgical interventions, even amputations. Surgery is accepted as the present definitive treatment for BU. In the absence of an effective drug treatment, the need for the development of preventive and control strategies becomes paramount. No specific vaccine, however, is presently available for BU. 
Mycobacterium ulcerans disease, commonly called Buruli ulcer (BU), is the third most common mycobacterial disease in humans, after tuberculosis and leprosy (17) . Increasing prevalences of BU have been reported in recent years, especially in West Africa (1, 2, 9; M. Debacker, J. Aguiar, C. Steunou, C. Zinsou, W. M. Meyers, A. Guédénon, J. T. Scott, M. Dramaix, and F. Portaels, submitted for publication). In some areas, the incidence of the disease exceeds those of leprosy and tuberculosis (7) . Infections are most common in children under 15 years of age.
Although the epidemiology of BU is incompletely understood, foci of BU are closely associated with wetlands, especially slow-flowing or stagnant water in rural settings (12) . Transmission to humans may involve water-dwelling insects (8, 14) and other aquatic animals, such as small fish and snails. These animals might also be mechanical reservoirs (13; F. Portaels, P. Elsen, M. Eddyani, A. Martin, W. M. Meyers, and J. T. Scott, unpublished data).
Clinically, BU presents in the skin as either nonulcerative forms (papules, nodules, plaques, and edematous forms) or ulcerative forms (17) . The disease is not limited to skin but often invades bone with foci either subjacent to a skin lesion (contiguous osteomyelitis) or remote from the skin lesion (metastatic osteomyelitis) (16) . Metastatic bone lesions may develop from the hematogenous or lymphatic spread of M. ulcerans from an earlier skin lesion (7) .
In Benin, we studied the clinical presentation of 1,611 BU patients who were admitted to the Centre Sanitaire et Nutritionnel Gbemoten at Zagnanado and found that 13.2% of these patients had osteomyelitis (Debacker et al., submitted). Osteomyelitis represents a severe form of the disease that often requires numerous surgical interventions, even amputation.
Of the risk factors for bone involvement in BU, the absence of a neonatal BCG vaccination scar was considered the most significant (16) . In 2002, we presented results suggesting that Mycobacterium bovis BCG vaccination at birth protected children under 15 years of age against the development of severe disseminated disease (e.g., osteomyelitis) but did not protect adults aged Ն15 years (15). Here we report observations for a larger number of patients for whom diagnosis and treatment took place at the Centre Sanitaire et Nutritionnel Gbemoten.
MATERIALS AND METHODS
A total of 372 consecutive patients with BU that had been confirmed by microbiological analyses (direct smearing for acid-fast bacilli, in vitro culture of M. ulcerans, and IS2404 PCR) and histopathological analyses were studied. Only patients for whom findings were positive for at least two of these four tests were recruited for this study (17) . All patients were examined for the presence of a BCG scar by two independent observers. Patients for whom findings were discrepant were excluded from the study. The BCG scar was chosen for the evaluation of a BCG vaccination because it is the most reliable indicator of a successful BCG vaccination (11) .
Statistical analysis. The 2 test or, when required, the Fisher exact test was used for statistical analysis.
RESULTS
Of the 372 BU patients, 304 (81.7%) were found to have BCG scars and 68 (18.3%) had no BCG scars. Table 1 shows the relationship between BCG vaccination and osteomyelitis in the total population studied. Of the BU patients with BCG scars, 11.2% had osteomyelitis, while 30.9% of those without BCG scars had osteomyelitis. This difference is highly significant (P Ͻ 0.001). The frequency of osteomyelitis in the entire studied population was 14.8%.
The frequency of osteomyelitis in patients with BCG scars was determined for children under 15 years of age and for patients 15 years old or older (Table 1) . Of the 224 children under 15 years of age, 196 (87.5%) had BCG scars and 28 did not. The frequencies of osteomyelitis were 8.7% in children with BCG scars and 25.0% in children without BCG scars (Table 1) . This difference is statistically significant (P ϭ 0.017).
As shown in Table 1 , of 148 patients who were at least 15 years of age, 108 (73.0%) had BCG scars. The frequencies of osteomyelitis were 15.7% in patients with BCG scars and 35.0% in patients without BCG scars. This difference is statistically significant (P ϭ 0.011).
Gender ratios (male/female) for patients with and without osteomyelitis were 1.04 and 0.99, respectively, and the median age of both groups was 15 years.
There was no statistically significant difference with regard to BCG status between the 14 patients with contiguous bone disease and the 41 patients with metastatic osteomyelitis (data not shown). No significant difference in observed levels of protection could be detected between children under 5 years old, children between 5 and Ͻ10 years old, and children between 10 and Ͻ15 years old (data not shown).
DISCUSSION
The protective efficacy of BCG vaccination in the prevention of disseminated tuberculosis in children (tuberculous meningitis and miliary tuberculosis) has been amply demonstrated. The protective effects of single and booster BCG vaccinations have been extensively evaluated (in a study involving 121,020 individuals) in Malawi with a 5-to 9-year follow-up to evaluate protection against both leprosy and tuberculosis (6) . In the Malawi study, "single" or "booster" BCG vaccination status was established by whether or not an individual had a BCG scar on entry into the study. While a single BCG vaccination gave 50% protection against leprosy, a second BCG vaccination gave an additional 50% protection against leprosy but not against tuberculosis. All age groups were included in the Malawi study, but levels of protection appeared to be greatest in those receiving booster vaccinations before 15 years of age.
In our present study, all age groups were included. Our results show that effective BCG vaccination at birth protects children and adults against the development of M. ulcerans osteomyelitis, a severe disseminated disease. A previous study involving 233 BU cases and including only 94 adult patients suggested a protective but insignificant (P ϭ 0.137) effect of BCG vaccination against osteomyelitis in adults. Findings for a larger number of adults (148 patients) rendered the protective effect statistically significant.
The sociodemographic characteristics of patients evaluated in this study did not differ from those of patients evaluated in the previous study. All cases were found by passive detection. The demographics and civic affairs of the catchment area of the treatment center remained stable during this period.
The osteomyelitis frequency found in the present study (14.8%) compares favorably with the average of 13.2% (213 of 1,611 patients) for all BU patients treated in the same hospital between 1997 and 2001 (Debacker et al., submitted).
Some risk factors for bone involvement in BU have been identified and include prolonged median delay in presentation at the hospital (16) and concurrent human immunodeficiency virus infection (16) . In this study, we have demonstrated that the absence of a BCG scar is an additional risk factor for osteomyelitis in both children and adults with BU. Consideration of these risk factors suggests the following initiatives to reduce the frequency of M. ulcerans osteomyelitis and the severe disability associated with the disease: (i) patient presentation delay could be reduced by active early case identification and by promotional actions to increase public awareness (Debacker et al., unpublished data), and (ii) because BCG vaccination at birth protects BU patients against severe disseminated forms of BU such as osteomyelitis, the existing national BCG vaccination programs in all countries where BU is endemic should be actively promoted. The control of BU, like most public health problems, involves multiple socioeconomic, environmental, and biomedical issues. The elimination or containment of the etiologic agent depends on favorable environmental alterations. In areas of Benin where BU is endemic, there is a positive correlation between the rates of detection of M. ulcerans DNA in the environment and the coincident numbers of BU patients from the same areas (F. Portaels, K. Chemlal, A. Ablordey, M. Debacker, A. Guédénon, P. A. Fonteyne, C. R. Johnson, R. Kotlowski, A. Martin, W. M. Meyers, C. Uwizeye, C. Zinsou, and P. Elsen, unpublished data). The amelioration of socioeconomic conditions such as access to protected sources of water should markedly reduce the transmission of BU (21) .
In areas where BU is endemic, neither environmental nor socioeconomic factors are likely to improve in the near future, making prevention by immunoprophylaxis the only logical approach to disease control. Immunoprophylaxis rationales may be directed at the neutralization of the necrotizing toxin elaborated by M. ulcerans (3) or the stimulation of a delayed-type hypersensitivity to M. ulcerans, such as that achieved by BCG vaccination.
Other proposed candidate vaccines include avirulent M. ulcerans strains (P. L. C. Small, T. Alford, and A. Me-Obiang. Abstr. 6th WHO Advisory Group Meet. Buruli Ulcer, abstr., 2003), DNA vaccines (5), and DNA encoding antigen 85A from M. bovis BCG (19) .
Two prospective trials have shown that BCG vaccination confers rates of protection against BU ranging from 18 to 74%, with an overall protection rate of 47% (18, 20) . In addition, vaccinated individuals who develop BU usually have less severe forms of the disease, and histopathologically, the cellular responses are more reactive.
The mode(s) of action for the prophylactic effect of BCG in diminishing the prevalence of severe forms of BU is not well understood. There is abundant histopathologic evidence that BU lesions heal spontaneously by the development of delayedtype hypersensitivity granulomas; however, this is usually a late event in BU disease (10) . In active disease, cell-mediated immunity is suppressed, resulting in T-cell anergy to M. ulcerans that prevents a Th1-type cellular response in early or active BU disease. Gooding et al. (4) have shown by in vitro studies that prior sensitization to either M. ulcerans or BCG promotes the proliferation of peripheral blood mononuclear cells and the production of gamma interferon. Thus, once sensitized to appropriate mycobacterial antigens (e.g., BCG), individuals can mount an effective Th1-type response on exposure to M. ulcerans. The necrotizing effect of M. ulcerans may limit the exposure of the etiologic agent to immunocompetent cells, permitting the development of local lesions (e.g., cutaneous ulcers); however, when the organisms spread (e.g., to bone), contact with specifically stimulated circulating immunocompetent cells may provide sufficient stimulation of strong cell-mediated immunity of a Th1-type response to prevent clinical metastatic lesions.
Our present results indicate that at this time BCG vaccination remains the only ethically acceptable intervention for the prevention of severe forms of BU. Health authorities should give attention to the enhancement of neonatal BCG vaccination coverage in all countries of Africa where BU is endemic. Protection against severe forms of BU and childhood tuberculosis would likewise be improved by this intervention. Further, the effect of a booster vaccination with BCG should be evaluated. A placebo-controlled field trial of BCG booster vaccinations was recently proposed by the World Health Organization to determine the value of such vaccinations in enhancing protection against all forms of BU (P. D. R. Johnson, Abstr. 6th WHO Advisory Group Meet. Buruli Ulcer, abstr., 2003). An increase in neonatal BCG vaccination coverage and the booster BCG trial have great potential as effective public health interventions for the prevention of BU or some of its disabling features.
